Supplementary Figures and Tables
. The FT-IR spectrum of N-GA. The characteristic peaks of the amine groups are labeled.
The doublet at ca. 2300 cm -1 comes from carbon dioxide in the atmosphere.
As shown in Figure S1 , the peak at 3393 cm -1 , 1561 cm -1 and 1188 cm -1 can be ascribed to Histogram compares the ECSA of the three bio-anodes.
To estimate the electrochemically accessible surface area (ECSA) of the bio-anodes, we have carried out the cyclic voltammetry (CV) in 5 mM potassium ferricyanide aqueous solution containing 0.1 M LiClO 4 as the supporting electrolyte. The ECSAs were evaluated using the following equation: [2] i p = (2.69×10 5 )n 3/2 AD 0
where i p (in A) stands for the peak current, n the number of electrons transferred in the following balanced equation (Equation S2, which we assumed 1 for this case), A (in cm 2 ) the ECSA (not normalized to total mass), D 0 the diffusion coefficient of Fe(CN) 6 3-(0.7×10 -5 cm 2 s -1 in aqueous solution [3] ), C o * the bulk concentration of Fe(CN) 6 3-(5×10 -6 mol mL -1 ), and v (in V s -1 ) the scan rate.
The ECSA can be evaluated from the slope of i p vs. v 1/2 plot.
Fe(CN) 6 3-+ e -→ Fe(CN) 6 
4-[Equation S2
]
To obtain the slope, CV curves of the three bio-anodes were collected at small scan rates (2-8 mV s -1 ) ( Figure S3a -c). The intensities (i p ) of the cathodic peaks obtained at ca. 0.02 V (vs. SCE) at various scan rates were measured (the anodic peaks at ca. 0.2 V vs. SCE should also work but since for the rGO case, the anodic peak merges into the redox peaks of rGO, we chose the cathodic ones to calculate.). We plot i p vs. v 1/2 and fit the data points with a straight line, the slopes can be read from the corresponding algebraic equations ( Figure S3d To show the amine groups imbibe positive charge, we measured the zeta-potentials of N-GA at various pH values and compared them with GA ( Figure S5 ). Zeta-potential is a measurement on surface potential that largely depends on the surface charge. [4] The up-shifted zeta-potential of N-GA at pH=7 clearly revealed that surface of N-GA is more positive than that of GA, owing to the presence of positively charged amine groups, which is consistent with previous reports. [4] [5] considerably higher slope than GA, indicating N-GA is more electrically conductive than GA. Figure S7b shows the cyclic voltammograms collected in a 3 M KOH aqueous electrolyte. It has been reported that the slope of cyclic voltammograms near two ends (highlighted by the two dashed boxes) is directly related to the electrical conductivity. [6] N-GA has a steeper slope than GA, suggesting a higher electrical conductivity. The rotating ring disk electrode (RRDE) measurement was performed to evaluate N-GA's oxygen reduction reaction (ORR) activity as a MFC cathode. Figure S9a shows the RRDE voltammograms collected at various scan rates. Cathodic currents at all scan rates started to emerge at approximately +0.88 V (vs. reversible hydrogen electrode, RHE). This on-set potential is only slightly lower than that of 10 wt% Pt/C (+0.94 vs. RHE). [7] The ring current is about 10 times lower than the disk current ( Figure S9b ), indicating peroxide species are rarely generated in the process.
The number of transferred electrons (n) can be estimated based on the following equation: [8] = ( ) where I R is the ring current, I D the disk current and N the collection efficiency (37%). [9] At the high rotating speed (1600 rpm), n increases drastically from 0 to 3.45 in the potential range from 1.0 to 0.82 V ( Figure S9c ). The maximum total number of transferred electrons is 3.75, suggesting a fourelectron pathway dominates the reduction process. The yield of peroxide anion [%(HO 2 -)] can be determined by the following equation: [10] %( ) = 200 × / (
/ )
A low peroxide yield (13.3%) is obtained in the potential range of 0.1 V~0.2 V. It again verifies a four-electron pathway that leads to the formation of hydroxide ions is the major process. The catalytic performance of N-GA for ORR is comparable to some other carbon-based catalysts including carbon-supported Fe-N electrocatalyst, [11] and graphitized multi-walled carbon nanotubes. [12] 
